T he association between lipid abnormalities (higher total cholesterol, LDL cholesterol, and triglycerides and lower HDL cholesterol) and increased mortality is established firmly in the general population (1, 2) . Contrasting with this, numerous observational studies have documented an increased mortality associated with lower total cholesterol level in patients who had chronic kidney disease (CKD) and received renal replacement therapy (RRT) (3) (4) (5) (6) (7) (8) (9) . Given the high mortality rate that is experienced by patients with CKD and the preponderance of cardiovascular causes that are responsible for this (10 -12) , the observed inverse association between total cholesterol and mortality in patients with CKD has become a topic of significant interest (13) . Although patients with CKD who are not yet receiving RRT clearly outnumber those who are on RRT (14) , there is a paucity of information about the lipid levels that are found in these patients and the outcomes that are associated with these levels. In addition, descriptive studies that have explored the association of a single baseline lipid level with various outcomes cannot account for the longitudinal variation of lipids or for therapeutic interventions that were instituted after the evaluation period but before the occurrence of an outcome. We sought to examine all-cause and cardiovascular mortality as a function of lipid levels in a historical, prospective cohort of patients who had moderate and advanced CKD and were not receiving RRT. We collected data on pertinent clinical and biochemical characteristics and therapeutic interventions longitudinally to capture temporal variations and their effects of outcomes.
Materials and Methods

Study Population
Patients who were evaluated for management of CKD at Salem VA Medical Center (VAMC) between January 1, 1990, and June 30, 2005, were included. After exclusion of patients who were on dialysis and those with a kidney transplant, a total of 1012 patients were identified. Ten patients had no lipid measurement and were excluded. Because only five (0.49%) patients were of a race other than black or white and only 11 were female (1.09%) in the cohort, they were excluded from further analyses. The final analysis included 986 patients.
Data Collection
Baseline demographic and anthropometric information; comorbidities; BP measurements; use of hepatic hydroxymethyl glutaryl-CoA reductase inhibitors (statins), angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (ACEI/ARB), and aspirin; and laboratory measures were collected at the time of initial contact with the patients. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. Diabetes was defined as the presence of an abnormal fasting glucose level or antidiabetic therapy, and atherosclerotic cardiovascular disease was defined as a previous history of cardiovascular, cerebrovascular, or peripheral vascular disease. Variables that were expected to change during follow-up (BP, BMI, medication use, and laboratory values) then were collected longitudinally, and values for continuous variables were averaged over 6-mo time periods. Fasting or nonfasting levels of total cholesterol, LDL cholesterol, triglycerides, and HDL cholesterol also were collected at baseline and subsequently every 6 mo when available. Of the 986 patients with measurement of total cholesterol level, 870 (88%) had at least one LDL cholesterol measurement, 883 (89%) had at least one triglyceride measurement, and 879 (89%) had at least one HDL measurement available. All measurements were performed in a single clinical laboratory at Salem VAMC. Total cholesterol, LDL cholesterol, triglyceride, and HDL cholesterol were measured on a Beckman LX autoanalyzer using a colorimetric assay (Beckman Industries, Irvine, CA).
Outcomes
Patients were followed until death or loss to follow-up or until April 5, 2006, with the recording of death and RRT. A patient was considered lost to follow-up when no contact with the medical center was documented for Ͼ6 mo. Thirty (2.9%) patients were lost to follow-up. The outcome measures of interest were all-cause and cardiovascular mortality. Deaths were recorded from the VA computerized patient record system and cross-checked for accuracy and for cause of death with death certificate-based data obtained from the National Death Index. RRT, defined as initiation of hemodialysis or peritoneal dialysis, was identified from medical records at Salem VAMC, including Medicare Form 2728.
Statistical Analyses
Continuous variables were expressed as mean Ϯ SD or geometric mean (95% confidence interval [CI]), and categorical variables were expressed as proportions. Continuous variables with skewed distribution (total cholesterol, LDL cholesterol, triglycerides, HDL cholesterol, white blood cell count [WBC], and 24-h urine protein) were natural log-transformed. Lipids were analyzed both as categorical variables (quartiles) and as continuous measures after natural log-transformation. Kidney function was included as a categorical measure after GFR was estimated using the abbreviated equation developed for the Modification of Diet in Renal Disease Study (15) , and patients were classified according to the Kidney Disease Outcomes Quality Initiative (KDOQI) Clinical Practice Guidelines for CKD: Evaluation, Classification, and Stratification (16) , with dialysis added as a separate timedependent variable in patients who initiated RRT. Missing values were substituted using the last value carried forward method. Missing variables with no previously observed values (0.62% for phosphorus, 0.75% for albumin, 0.82% for WBC, 0.90% for percentage of lymphocytes in WBC, and 1.94% for proteinuria) were imputed by linear regression and using all other characteristics as independent variables. Smoking status was missing in 6.4% of all patients; these were analyzed as a separate, third category (smokers, nonsmokers, and missing smoking status). Missing values for BMI (17.4%) were imputed both by linear regression and by adding a dummy category of all missing values to a categorized BMI variable.
Survival Modeling
The starting time for survival analysis was the date of the initial nephrology encounter, and the outcome measures were total and cardiovascular mortality. Patients were followed until death or until April 15, 2006 . Patients who died were censored at the date of death, and patients who were lost to follow-up were censored at the date of the last documented contact with the medical center. Because cause of death was available only for deaths that occurred before January 1, 2005, patients were censored at this date in analyses using cardiovascular mortality as outcome. Event rates were calculated using the personyears approach. Unadjusted and multivariable-adjusted association of total cholesterol, LDL cholesterol, triglycerides, and HDL cholesterol with all-cause and cardiovascular mortality were examined in fixedcovariate and time-dependent Cox models. Multivariable models were created after a priori adjustment for demographic and anthropometric characteristics (age, race, and BMI; model 1), additional case mix excluding surrogates of the malnutrition-inflammation-cachexia syndrome (MICS; comorbidities, smoking, BP, kidney function, proteinuria, calcium, phosphorus, and medication use; model 2), and after adjustment for all of the above plus markers that are associated with MICS (albumin, WBC, hemoglobin, percentage of lymphocytes in WBC, and bicarbonate; model 3). Given the relatively large number of missing values for BMI (17.4% of all patients had no recorded BMI level), we performed analyses with models that included only BMI values that actually were measured and with models that used multiple imputations to account for the missing BMI values. Results are presented for the models that included actually measured BMI values. Nonlinear associations were explored by inclusion of quadratic terms. Effect modification was explored by performing subgroup analyses by age, race, diabetes status, categories of kidney function, and use of statins. Analyses also were repeated in subgroups with and without the presence of markers of MICS, defined as patients with one or more of the following: Serum albumin level Ͻ10th percentile, WBC Ͼ90th percentile, or percentage of lymphocytes in WBC of Ͻ10th percentile. Analyses were repeated with the main outcomes restricted to predialysis events with censoring of patients at the time of initiation of RRT. The proportionality assumption was tested using plots of log (Ϫlog [survival rate]) against log (survival time) and by comparing predicted with actual survival curves. P Ͻ 0.05 was considered significant. Statistical analyses were performed using STATA statistical software version 8 (STATA Corp., College Station, TX). The study protocol was approved by the Research and Development Committee at the Salem VAMC.
Results
The mean baseline age of the 986 patients was 67.4 Ϯ 10.9 yr, 23.7% were black, and 54.9% had diabetes. The mean baseline estimated GFR (eGFR) was 37.4 Ϯ 17.6 ml/min per 1.73 m 2 . Baseline characteristics for patient groups divided by quartiles of total cholesterol level are presented in Table 1 . Patients with lower total cholesterol level were older; had lower levels of BP, albumin, calcium, hemoglobin, and proteinuria; and had higher use of statins, aspirin, and ACEI/ARB. The characteristics of the 30 patients who were lost to follow-up were not different (data not shown). Table 2 presents baseline and time-averaged total cholesterol, LDL cholesterol, triglyceride, and HDL cholesterol levels by categories of baseline levels of eGFR. Patients with higher eGFR had significantly higher total cholesterol and triglyceride levels, but their levels of LDL and HDL cholesterol were not different from those with lower eGFR. A total of 478 (48.4%) patients died (46.4% of them from cardiovascular causes), and 218 patients (22.7%) started dialysis over a median follow-up of 3.0 yr (total time at risk 3499 patient-years). The overall mortality rate (95% CI) was 136.6 deaths/1000 patientyears (124.9 to 149.4). Figure 1 shows the hazard ratios (HR; 95% CI) of all-cause and cardiovascular mortality in groups divided by quartiles of total cholesterol in fixed-covariate Cox models, with incremental adjustments for demographic and anthropometric characteristics, case mix, and MICS. Lower total cholesterol was associated with higher all-cause mortality in the model that was adjusted for age, race, and BMI (P Ͻ 0.001 for trend), but this association was attenuated after additional adjustment for case mix (P ϭ 0.023 for trend) and abolished after adjustment for MICS (P ϭ 0.14 for trend). The association of total cholesterol level with cardiovascular mortality in both fixed-covariate and time-dependent models displayed a similar tendency in that the associations were weakened by the adjustments made, although they did not reach statistical significance. Analyzing total cholesterol as a continuous variable also showed that lower cholesterol was associated with higher all-cause mortal-ity in the fixed-covariate model that was adjusted for age, race, and BMI (HR [95% CI] for 1 ln-unit lower cholesterol level: 2.74 [1.69 to 4.44]; P Ͻ 0.001) but with attenuation of this association after adjustment for case mix (2.02 [1.25 to 3.25]; P ϭ 0.004) and after additional adjustment for MICS (1.71 [1.08 to 2.72]; P ϭ 0.022). Similar tendencies were apparent in the association of cholesterol with cardiovascular mortality (HR [95% CI] for 1 ln-unit lower cholesterol level in the three models: 2.38 [1.00 to 5.62], 1.98 [0.84 to 4.62], and 1.62 [0.70 to 3.73]). Time-dependent Cox models also yielded results that were analogous to the fixed-covariate models. Figure 2 shows the HR of all-cause and cardiovascular mortality associated with various quartiles of LDL cholesterol in fixed-covariate Cox models. The association of LDL cholesterol level with all-cause and cardiovascular mortality was similar to that found for total cholesterol, with lower LDL cholesterol quartiles showing an association with higher mortality in the models that were adjusted for age, race, and BMI and an attenuation of this association in the models that were adjusted further for case mix and MICS. Fixed-covariate Cox models with LDL cholesterol as a continuous variable showed similar tendencies (HR [95% CI] of 1 ln-unit lower LDL cholesterol level in the three models for all-cause mortality: As shown in Figure 3 , lower triglyceride quartiles were associated with higher all-cause mortality (with an attenuation of the association after sequential adjustments for case mix and MICS), but no significant association was apparent between triglyceride levels and cardiovascular mortality. Analyzing triglycerides as continuous variables yielded concordant results in both fixed-covariate and time-dependent Cox models. There was no significant association between HDL cholesterol level and all-cause or cardiovascular mortality (Figure 4) . The results remained consistent in subgroup analyses that were performed in categories that were divided by age, race, diabetes status, eGFR, and treatment with statins or when examined in patients with or without the presence of MICS. Inclusion of imputed data points for BMI also did not alter the outcomes significantly. The results also were similar when only mortality before the initiation of RRT was analyzed.
Discussion
We describe the association of lower total and LDL cholesterol with higher all-cause and cardiovascular mortality and of lower triglyceride levels with higher all-cause mortality in patients who had CKD and were not yet on dialysis. We found that although this association was significant after adjustment for demographic and anthropometric characteristics, it was attenuated after adjustments for both case mix and for surrogates of MICS.
Several observational studies have documented an association between lower total cholesterol and higher mortality in patients who have CKD and receive RRT (3) (4) (5) (6) (7) (8) (9) . This phenomenon represents a seemingly paradoxic reversal of the well-established association of higher lipid levels with mortality in the general population (1, 2) . Given the extremely high mortality rates that were observed in patients who had CKD and were on RRT, the majority of which are related to cardiovascular causes (10), the role of lipid levels as causative factors in this mortality has been a matter of great interest and controversy. In an attempt to explain the inverse association between total cholesterol level and mortality in patients who are on dialysis, Liu et al. (6) showed that higher total cholesterol, in fact, was associated with increased mortality in a subset of patients without evidence of inflammation and malnutrition, whereas patients with such evidence retained the inverse association that was the characteristic of their overall patient cohort. A similar interaction was described by Iseki et al. (5) , who showed higher mortality with higher total cholesterol only in dialysis patients with serum albumin levels Ͼ4.5 g/dl. These results suggested that lower total cholesterol was in fact a surrogate marker of inflammation and/or malnutrition; therefore, therapy that is directed toward lowering cholesterol should not be withheld, especially given the additional, potentially beneficial non-lipid-related effects of statins (the most widely used cholesterol-lowering drugs) (17, 18) . Surprising, however, the only completed clinical trial aimed at improving outcomes through lipid lowering with a statin in patients who had diabetes and were on dialysis (19) did not show a significant reduction in the composite outcome of death from cardiac causes, nonfatal myocardial infarction, and stroke. An alternative explanation for the inverse association between cholesterol and mortality is a true protective effect of higher lipid levels. The hypothesis championed by Rauchhaus et al. (20, 21) suggests that binding of lipoproteins to bacterial endotoxins may result in reduced inflammation; therefore, higher lipoprotein levels may be of benefit. Indeed, contrasting the studies by Liu et al. and Iseki et al., other studies in patients who were on RRT could not account for the inverse association between total cholesterol and mortality by adjusting for surrogates of MICS (7, 8) .
It is unclear whether findings from studies of patients who are on dialysis or other patient populations can be extrapolated to patients who have CKD and are not yet on dialysis. In 807 participants with eGFR of 15 to 60 ml/min per 1.73 m 2 from the Atherosclerosis Risk in Communities (ARIC) study, Muntner et al. (22) showed a higher relative risk for incident coronary heart disease with higher total cholesterol and triglyceride levels, com-pared with patients with no CKD. Conversely, in 1249 elderly patients who had moderate CKD (eGFR 50 Ϯ 10 ml/min per 1.73 m 2 ) and participated in the Cardiovascular Health Study, none of the lipid parameters examined (LDL cholesterol, triglycerides, and HDL cholesterol) was associated with cardiovascular mortality (23) . Our study is, to our knowledge, the first to examine associations of all components of the lipid panel with all-cause and cardiovascular mortality in a patient population with moderate and advanced CKD. We examined the associations between single baseline values of the components of the lipid panels (fixedcovariate models) but also conducted time-dependent analyses to account for the effects of temporal changes in lipid levels, therapeutic agents, and various clinical and biochemical characteristics, the last yielding similar results to the fixed-covariate models. We found that both case-mix characteristics and MICS play a significant role in the observed inverse association between lipid levels and mortality. The inverse association between total cholesterol, LDL cholesterol, and triglycerides and mortality was weakened after adjustment for case mix and was attenuated further (and mostly rendered nonsignificant) after adjustment for MICS. We did not detect interactions with markers of MICS; therefore, we cannot claim that lower lipid levels are merely surrogates of MICS. Although better powered observational studies in the future may be able to discern more precisely the relative contribution of various patient characteristics (including MICS) to the inverse association between lipids and mortality, the ultimate answer should be provided by the completion of several randomized, controlled trials that currently are examining the effect of lipidlowering therapy on clinical outcomes in patients with CKD (24, 25) .
Several shortcomings of our study need to be emphasized. This being an observational study, we cannot establish causality, only associations from our results. We examined an exclusively male patient group from a single medical center; therefore, our results may not be generalizable to women or to patients from other geographic areas. Given the retrospective nature of our study, we could not establish whether lipid measurements were performed in a fasting state. Not all of the patients with measurements of total cholesterol levels had LDL, triglyceride, or HDL measurements available, and this may have limited the power of our analyses relating to these components, especially when examining cardiovascular outcomes, given the lower number of cardiovascular events combined with the shorter follow-up period for this outcome. Although we attempted to account for several potential confounders, residual confounding cannot be ruled out. Most important, we did not have direct measurements of inflammation (e.g., Creactive protein, IL-6) available to confirm the presence or absence of MICS. We used instead a combination of widely available markers that have been shown to be associated with MICS (26 -28), but we cannot rule out the presence of residual confounding and resulting misclassification of patients with inflammation. We enrolled patients over an extended period of time; therefore, changes in therapeutic practices over time may have influenced our outcomes. We tried to minimize the impact of this by using data from a single center and by accounting for temporal changes in the application of certain therapeutic agents (e.g., statins, ACEI/ARB) as well as clinical and biochemical characteristics that may reflect the changing practices (e.g., BP, cholesterol level, hemoglobin level).
Conclusion
Our study shows an association between lower total and LDL cholesterol with higher all-cause and cardiovascular mortality and between lower triglyceride levels and higher all-cause mortality in patients who have CKD and are not yet on RRT. This association seems to be explained in part by case-mix Figure 3 . HR (95% CI) of all-cause and cardiovascular mortality associated with various levels of triglycerides in a fixed-covariate Cox model. Adjustments were made for age, race, and BMI (model 1); age, race, BMI, comorbidities, smoking, BP, kidney function, proteinuria, calcium, phosphorus, and medication use (model 2); and age, race, BMI, comorbidities, smoking, BP, kidney function, proteinuria, calcium, phosphorus, medication use, albumin, WBC count, hemoglobin, percentage of lymphocytes in WBC, and bicarbonate (model 3). The group with triglyceride level of Ͼ258 mg/dl served as reference.
characteristics of the studied population and by the presence of surrogates of the MICS. We caution against translating results of observational studies into therapeutic practice, no matter how compelling those results might be. Results from clinical trials that currently are under way (24, 25) could provide definitive answers.
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